occurs within the mean free path ξ f of the interface, and that no dissipative temperature variations exist on hydrodynamic length scales. This universal assumption is most probably incorrect. To understand why, we first examine the case of a stationary interface between superfluid 3 He and a vessel wall, through which heat but no mass is transferred. Generally, the effective, measured resistance here is the sum of two contributions [6] , κ −1
sq .
The first accounts for the microscopically fast drop ∆T across the interface, the second stems from the 'sq-mode', a hydrodynamically slow variation δT exp(−|x|/λ sq ) in the superfluid.
Due to the enormous extent of the decay length (λ sq ∼ T f /T c is at least 250 times the mean free path, usually much larger) the effective resistance κ
e is dominated by κ −1
sq [7] .
Consequently, δT ≫ ∆T . Going back to the moving A-B interface, it is clear that something akin the sq-mode could also exist there. As we shall see, this is indeed the case. And since this (what we continue to call) sq-mode has, foru ≪ c 2 , essentially the same spatial extent, it is here probably also the dominant source of dissipation.
What is more, there is some indication that, independently, ∆T → 0. Recently, Schopohl and Waxman [8] considered a moving interface, between the A and B-phase that are in equilibrium otherwise. In contrast to all previous microscopic calculations [2, 3] that are perturbative in essence, they have obtained an exact solution, in the ballistic limit, with an essential singularity atu = 0. Amazingly, they found this motion to be (up to a fairly high critical velocity) little damped [9] . As will be shown below, the immediate consequence of this is a diverging Kapitza conductance, and ∆T → 0 foru ≪ c 2 . In other words, if this finding can be verified, Andreev scattering as a dissipative source is eliminated altogether, while the hydrodynamic variation of temperature and counterflow becomes the only mechanism to prevent the transition rateu from diverging.
In this paper, we present the general hydrodynamic theory of the A-B transition. All dissipative mechanisms that may occur are considered. Despite a rather different language, they include collisions and scattering of quasiparticles, both among themselves and at the interface. More specifically, we derive the general boundary conditions connecting two strongly coupled superfluids and calculate the temperature and counterflow fields. Although the hy-drodynamic theory is never complete by itself, our results do provide a rigorous framework for the more detailed, and rather more complicated, microscopic theory. In fact, the latter is essentially reduced to the calculation of three Onsager coefficients. Then the total Kapitza resistance depends only on one parameter, which can be determined from the experimental data onu, as we shall do.
Ifu ≫ c 2 , the varying fields of the temperature and counterflow ∼ δT It is noteworthy that all the results of Ref. [5] remain asymptotically valid (ie for distances from the interface that are large compared to all decay lengths), if one substitutes the respective resistance with the total Kapitza and growth resistance obtained here. As will be explained in details below, this is connected to the fact that one can consider an ef-fective interface, hydrodynamically wide, that includes all the temperature and counterflow variations; cf the dotted lines of Figs. 1. and 2. Then, of course, the original assumption that dissipation takes place only within the interface is again correct. In this work, for lack of space, we do not consider the effects of lateral walls, which lead to an R-dependence of the terminal velocityu, as observed [1] .
An interface in motion can be viewed as condensate and quasiparticles traversing the interface. It is plausible that the condensate should not be damped. But the Schopohl-
Waxman solution [8] shows that even the quasiparticles are little damped in equilibrium, despite considerable Andreev scattering. This is a surprising result, and as the following arguments show, has direct bearing on the non-equilibrium properties of the interface: Usually, the temperature establishes itself on the scale of the mean free path ξ f , and the temperature gradient ∇T has a hydrodynamic scale much larger. However, across a strongly resistive obstacle of microscopic dimension ξ ≪ ξ f , the change in the temperature will be on the same scale ξ and can be hydrodynamically accounted for as a discontinuity ∆T . The A-B interface, with a width of order correlation length ξ c ≪ ξ f , was taken as just such a microscopic obstacle [2, 3] . And its resistivity (outside a very narrow range next to the normal-superfluid transition) would come mainly from Andreev scattering of ballistic quasiparticles. If this is indeed inoperative in equilibrium, it cannot turn into a strongly resistive mechanism ever so slightly off equilibrium. The temperature gradient will therefore have normal, hydrodynamic values, and ∆T ≈ ξ f ∇T vanishes. A more formal line of arguments that shall be published elsewhere leads to the same conclusion. Further away from equilibrium, whenu becomes comparable to, or much larger than, the second sound velocity c 2 , ∆µ builds up across the interface [5] . This would constitute the microscopic obstacle lacking atu ≪ c 2 ,
and an accompanying ∆T can no longer be ruled out by the same argument.
We start our hydrodynamic consideration with the general solution that is stationary in the rest frame of the interface. For bothu ≪ c 2 andu ≫ c 2 , we may linearize the hydrodynamic equations [10] as in Ref. [5] , with respect to the variables (i) w ≡ ρ s (v n − v s )/ρ n ≡ v n − g/ρ and (ii) T A,B − T i , the deviation of the temperature in the respective phase from the initial temperature T i . Retaining terms of first order inu/c 2 , the solution (in both phases) foru ≪ c 2 is
Notations and explanations: Upper sign refers to the A-phase, here and below. δT
amplitude of the second sound step-function in the respective phase [5] . Although the steps are at ±c 2 t, t → ∞ must be set, since Eqs. (1) 
where the heat conductance k and the viscosities η, ζ 1−4 are defined in the usual way [10] , neglecting the anisotropy.
The solution foru ≫ c 2 is, to lowest order in c 2 /u
δT A d and δw A d are respectively the diffusive modes of a moving interface [11] . Next order terms in c 2 /u mix these two modes.
Each of the four amplitudes of Eqs. (1,2) are to be determined in conjunction withu from boundary conditions, better: connecting conditions (CoCos). The general structure of the CoCos depends, as do bulk hydrodynamic theories, only on the conserved quantities and the spontaneously broken symmetries on both sides of the interface [6] . In our case, the CoCos are given by the continuity of the fluxes for energy, mass and momentum, the phase coherence across the A-B interface, and the surface entropy production rate R s . These are Linearizing the other CoCos, for the weakly supercooled caseu ≪ c 2 , with respect to w,u and ∆T , we obtain We expand Eqs. (4) around T i and denote all thermodynamic quantities at that temperature. To distinguish, a square bracket with index i is added, eg
of the temperature field agrees with that of Ref. [5] , in which the dissipative terms were neglected. To understand why this is not an accident and what the essence of the new information here is, we need to address the concept of the effective CoCo. Since the CoCos are, as emphasized, quite generally valid, we have a certain discretion towards the choice of the interface width: It can be either microscopic, of order ξ f , or it can be hydrodynamic, somewhat larger than λ sq . Eqs. (4), such as they stand, are the proper CoCos for the microscopic interface, it provides complete information onu, the hydrodynamic fields from x = ±0 to ±∞, and their discontinuities across the interface, eg ∆T = δT and
The sq-decay was hence implicitly included as a source of interface dissipation. These previous results therefore remain valid, and the new information provided by the CoCos, Eqs. (4), can be seen by comparing these results with Eqs. (5), yielding an expression for κ e (κ e − 1 2
The total effective resistance κ Foru ≫ c 2 , the same double approach of actual and effective CoCos applies. From R s of Eq. (3c), we obtain (each to the lowest order of w/u and neglecting cross terms)
where µ o is the chemical potential for a given temperature and pressure in a system with v n = v s = 0, and f D the dissipative part of the entropy current. The effective CoCos are given by ∆ e Q = 0, ∆ eφ = 0 and g = K e ( σ e ∆ e T + ∆ e µ o ). As partly reported in Ref. [5] , the latter lead (again via an expansion around T i ) to 
if α and β are such that δw 
